Mangrove ecosystems are often referred to as "land builders" because of their ability to trap 13 sediments transported from the uplands as well as from the oceans. The sedimentation process in 14 mangrove areas is influenced by hydro-geomorphic settings that represent the tidal range and coastal 15 geological formation. We estimated the sedimentation rate in North Sumatran mangrove forests using 16 the 210 Pb radionuclide technique, also known as the constant rate supply method, and found that 17 mudflats, fringes, and interior mangroves accreted 4.3 ± 0.2 mm yr -1 , 5.6 ± 0.3 mm yr 1 , and 3.7 ± 0.2 mm 18 yr -1 , respectively. Depending on the subsurface changes, these rates could potentially keep pace with 19 global sea level rise of 2.6-3.2 mm yr -1 , except the interior mangrove they would also be able to cope 20 with regional sea-level rise of 4.2 ± 0.4 mm yr -1 . The mean soil carbon accumulation rates in the 21 mudflats, fringes, and interior areas were 40.1 ± 6.9 g C m -2 yr -1 , 50.1 ± 8.8 g C m -2 yr -1 , and 47.7 ± 12.5 g C 2 22 m -2 yr -1 , respectively, much lower than the published global average of 226 ± 39 g C m -2 yr -1 . We also 23 found that based on the excess of radioactive elements derived from atomic bomb fallout, the sediment 24 in the mudflat area was deposited since over 28 years ago, and is much younger than the sediment 25 deposited in the interior and fringe areas that are 43 years 54 years old, respectively.
Introduction 29
Mangrove ecosystems provide numerous invaluable services including supporting (nutrient 30 cycling, net primary production, and land formation), provisioning (food, fuel, and fiber), and regulating 31 (climate, flood, storm surges, and pollution) services [1] [2] [3] [4] [5] . Situated in a transition zone between 32 terrestrial and oceanic environments, mangrove forests play particularly important roles in moderating 33 fresh water flow from the upland, while buffering against tidal ranges of the sea and saline water [6] . 34 The unique shape and form of the root systems of mangrove species enable them to trap and 35 accumulate sediments, which often contain large quantities of organic carbon [7] [8] [9] . This ability is 36 influenced by local hydrology, geography, and topography [9, 10] . In some cases, sedimentation is 37 followed by colonization, expansion, and migration of pioneering mangrove species [11] . Therefore, 38 carbon sequestration and storage above and below ground in mangrove ecosystems are effective in 39 mitigating climate change [2, 4] .
40
The sustainability of the services that mangroves, including those in North Sumatra, provide is 41 facing increasing pressure from aquaculture and agricultural development [12] . In addition, climate 42 change and its impacts on sea-level rise have increased coastal vulnerability to erosion and inundation.
43
Sea level has risen more than 5 cm over the last 20 years or 3.2 mm yr -1 on average-a rate that has 3 44 nearly doubled since 1990 [13, 14] -and is expected to continue to increase in the future [15] . Although 45 mangrove tree species are able to tolerate inundation by tides, they can die and their habitat formation 46 can be damaged if, as a result of sea-level rise, the frequency and duration of the inundation exceeds their specific physiological thresholds [16, 17] . Sedimentation The sampling point in the mudflat was located approximately 15 m from the coastline (or fringe 89 zone) and the interior at around 375 m from the coastline. Soil cores at each hydro-geomorphic setting 90 were collected to a depth of 50 cm and sliced at 2 cm intervals for the first 10 cm and then 5 cm 91 intervals (see Fig 2) . residue. Then 400 mg of ascorbic acid was added to complex out any dissolved iron present that might 110 interfere with the plating processing of the Po isotopes. The sediment solution was then plated onto a 111 2.2 cm diameter copper disk. Po isotopes were quantified using a Canberra Alpha Spectrometer, Model 112 7401 with Passivated Implanted Planar Silicon detector Type A450 20AM. Measurements were carried 113 out until a Gaussian spectrum was obtained (standard deviation was less than 10%).
114
To account for variability in sedimentation throughout time, the CRS model, developed by 115 Appleby [21] , was employed to calculate sediment age.
where A(x) is the unsupported 210 Pb activity below the individual segment being dated (Bq kg -1 ), A(o) is 118 the total unsupported 210 Pb activity in the soil column (Bq kg -1 ), k is the 210 Pb decay constant (0.0311 yr -119 1 ), and t is the age of sediments (yr) at each segment. This can be obtained from:
The constant supply of unsupported 210 Pb (Bq m -2 ), C, was used to estimate sediment 122 accumulation rate, r (kg m -2 yr -1 ) at a certain segment and calculated as:
To obtain the sediment accretion rate (mm yr -1 ), the sediment accumulation (g m -2 yr -1 ) was divided by 125 soil the bulk density, BD (g cm -3 ).
126
Following Marchio et al. [22] , the soil carbon accumulation rate, C acc (g C m -2 yr -1 ) was calculated 127 for each hydro-geomorphic setting as:
128
Where A d is the sediment accretion rate at a certain layer (cm yr -1 ), and C conc (g C g-soil -1 ) is the 130 average soil carbon concentrations of the same layer.
131

Results
132
Bulk density and soil carbon content shown in (a) that sedimentation rate in all settings can cope with global sea level rise (SLR) but 211 only interior mangroves cannot cope with regional SLR.
213
The accumulation rate of soil carbon depends on sedimentation rate, BD, and the carbon 214 concentration of sediment. As shown in Fig 6b the average value of soil carbon accumulation in the 215 mudflat area was 40.1 ± 6.9 g C m -2 yr -1 . In the fringe mangroves, it was 50.1± 88.4 g C m -2 yr -1 , and in the 216 interior mangroves was 47.7 ± 12.5 g C m -2 yr -1 . Although mudflat zone demonstrates higher 217 sedimentation rate than interior mangroves, the accumulation of carbon is lower. This is because the 218 presence of mangrove forest is an important source of autochthonous carbon. However, the rate of 11 219 carbon burial across the hydro-geomorphic shown in Deli Serdang mangroves are very low compared 220 with the global average of around 226 ± 39 g C m -2 yr -1 [30] . 
221
Discussion
